Endocytosis is critical to the function and fate of molecules important to Alzheimer's disease (AD) etiology, including the ␤ protein precursor (␤PP), amyloid ␤ (A␤) peptide, and apolipoprotein E (ApoE). Early endosomes, a major site of A␤ peptide generation, are markedly enlarged within neurons in the Alzheimer brain, suggesting altered endocytic pathway (EP) activity. Here, we show that neuronal EP activation is a specific and very early response in AD. To evaluate endocytic activation, we used markers of internalization (rab5, rabaptin 5) and recycling (rab4), and found that enlargement of rab5-positive early endosomes in the AD brain was associated with elevated levels of rab4 immunoreactive protein and translocation of rabaptin 5 to endosomes, implying that both endocytic uptake and recycling are activated. These abnormalities were evident in pyramidal neurons of the neocortex at preclinical stages of disease when Alzheimer-like neuropathology, such as A␤ deposition, was restricted to the entorhinal region. In Down syndrome, early endosomes were significantly enlarged in some pyramidal neurons as early as 28 weeks of gestation, decades before classical AD neuropathology develops. Markers of EP activity were only minimally influenced by normal aging and other neurodegenerative diseases studied. Inheritance of the ⑀4 allele of APOE, however, accentuated early endosome enlargement at preclinical stages of AD. By contrast, endosomes were normal in size at advanced stages of familial AD caused by mutations of In neurons, the endocytic pathway (EP) internalizes and processes extracellular nutrients and trophic factors; recycles, modifies, and degrades receptors and other integral membrane proteins after neurotransmitter release; and directs information to intracellular biosynthetic pathways. Endocytosis enables neurons to modify or degrade molecules from the cell surface into intracellular compartments by a series of fusion and budding events. This complex of compartments known as the central vacuolar system consists of early and late endosomes and lysosomes that have different capabilities for proteolytic processing. Most resident acid hydrolases in central vacuolar system compartments are processed in the Golgi apparatus and subsequently trafficked to acidic organelles under the regulation of two species (46 kd and 215 kd) of mannose 6-phosphate receptors. The turnover of internalized proteins and lipids was originally thought to be limited to lysosomes, but it is now known that some acid proteases are present in early endosomes and are capable of modifying endocytosed materials.
initial processing of proteins relevant to AD pathogenesis like the ␤ protein precursor (␤PP) and apolipoprotein E (ApoE). Early endosomes are also a major site of amyloid ␤ (A␤) peptide production in normal cells and mediate the cellular uptake of A␤ and soluble iPP. Numerous studies have implicated both the secretory pathway, specifically the endoplasmic reticulum [1] [2] [3] [4] and Golgi apparatus [5] [6] [7] [8] and EP 9 -12 in ␤PP processing and the production of A␤ 1-40, A␤ 1-42, or both.
In previous studies of sporadic Alzheimer's disease (SAD) brain, we found that the volumes of neuronal early endosomes were, on average, threefold larger than normal, which is a morphological change known to be associated with increased EP activity. 13, 14 In addition, levels of immunoreactive cathepsins D and B in both their pro-and mature forms were elevated within enlarged endosomes, 15 coinciding in these neurons with increases of cation-dependent mannose 6-phosphate receptors, which mediates the delivery of acid hydrolases, including cathepsins, to early endosomes. One of the cathepsins mistrafficked in these models, cathepsin D, has been shown to have ␤PP ␤/␥ secretase activity toward model peptides, recombinant ␤PP and the C-100 fragment of ␤PP. 16 -19 Our previous studies have demonstrated that lysosomal system (LS) activation evidenced by an increase in gene expression and accumulation of lysosomes is an early and distinctive response of neurons in SAD and Down syndrome (DS). 20 -22 Neurons exhibiting overt atrophy or neurofibrillary change display robust accumulation of hydrolase-positive lysosomes and lipofuscin granules which are then released into the parenchyma after cell lysis. These compartments containing a battery of enzymatically competent hydrolases, persist in the extracellular space in association with deposits of A␤ in both senile and diffuse plaques. [21] [22] [23] By immunocytochemistry, we have found that in cases of familial Alzheimer's disease (FAD) linked to presenilin (PS) 1 and PS2 mutations, LS activation was greater in pyramidal neurons in cortical laminae III and V than in SAD. 24 Neuronal populations that are less vulnerable in SAD, such as those in cortical lamina II and IV of the prefrontal cortex, showed marked LS up-regulation in PS-FAD. Like SAD, senile plaques in PS-FAD brains displayed intense hydrolase immunoreactivity. 24 Compared with SAD, PS-FAD promotes an earlier and excessive deposition of A␤ 1-42. 25, 26 The enhanced LS response seen in PS-FAD is consistent with in vitro studies showing that A␤ 1-42 accumulates in late endosomes and lysosomes. 27 In the present study, we further characterized the EP in SAD using antibody probes to molecules known to regulate specific aspects of the endocytic process. Moreover, we investigated the onset of EP dysfunction in the brains of nondemented individuals exhibiting the earliest Alzheimer-like pathological changes restricted to the entorhinal cortex and hippocampus. The analysis was extended to earlier stages of pathogenesis in brains from fetuses and juveniles with DS (trisomy 21), a form of mental retardation invariably associated with the development of AD neuropathology after age 40. 28 Finally, we analyzed the influence of normal aging, APOE genotype, and PS mutations on endosome morphology in relation to the evolution of AD neuropathology. Our results show that early endosomal abnormalities are the earliest neuropathological alteration yet to be identified in SAD. Their appearance is greatly accelerated by triplication of the distal half of the long arm of chromosome 21 (DS). Inheritance of the APOE ⑀4 allele, which substantially increases the risk for developing AD and promotes earlier disease onset 29 also promoted earlier appearance of endosome enlargement. Finally, in a variety of neurodegenerative diseases and, significantly, in severely affected individuals with FAD linked to four different mutations of PS1 and the Asn141-Ile mutation of PS2, endosomes were normal in size. These observations indicate that the neuronal endosomal response seen in AD is highly disease-specific and does not seem to be a secondary effect of A␤ deposition. An understanding of the origins and effects of this abnormal endocytic response should provide important insight into pathogenic mechanisms in sporadic AD, the most common and least well understood form of AD. 
Materials and Methods

Tissue
Antibodies
Immunocytochemical studies were performed as previously described 34 using polyclonal antibodies raised against a synthetic peptide corresponding to amino acids 193-211 of the C-terminal domain of the human GTPbinding protein, rab5, and amino acids 191-210 of rab4 of human origin (Santa Cruz Biotechnology, Inc., Santa Cruz, CA); an affinity-purified polyclonal antibody raised against a synthetic peptide corresponding to an amino acid sequence mapping to the C-terminus of human rabaptin 5 (Santa Cruz Biotechnology Inc.); a monoclonal antibody generated against the N-terminus (amino acids 3-281) of human early endosomal antigen 1 (Transduction Laboratories, Lexington, KY); and a monoclonal antibody generated against a synthetic peptide of human A␤ 17-24 (4G8) (Senetek, Drug Delivery Technologies, Inc., St. Louis, MO). A monoclonal antibody, MC-1, which reacts with two conformationally constrained domains of in paired helical filaments (PHF) was a generous gift of Dr. Peter Davies (Department of Pathology, Albert Einstein College of Medicine, Bronx, NY). Details on the generation and immunospecificity of MC-1 have been reported previously. 35 Brain tissue used for immunocytochemical analyses was immersion-fixed in cold 10% phosphate-buffered formalin (0.15 mol/L), pH 7.4.
Immunocytochemistry
Immunoreactivity was demonstrated on 30-to 40-mthick vibratome sections as previously described. 34 Negative controls included tissue sections incubated in the absence of primary antisera.
Morphometric Analysis
Vibratome sections of the prefrontal cortex of all earlystage AD, FAD, non-AD neurodegenerative disorders, and control cases were immunostained in tandem under identical conditions with rab5 antiserum. Background staining intensities among all sections were comparable and all neurons were intact. Small, medium, and large pyramidal neurons from lamina III of the prefrontal cortex (Brodmann area 10) were selected at random and the cross-sectional area, number, average, and total early endosomal volume per neuron were analyzed for each neuron as previously described.
15,22
Results
EP Activation Precedes Other Known Neuropathology in SAD
To establish the initial appearance of endosomal alterations in relation to A␤ deposition or neurofibrillary change, we examined cognitively and neuropathologically-normal elderly individuals and two affected populations. The first affected population referred to as "pre-AD" was composed of cognitively-normal elderly individuals who after death were diagnosed with neuropathological evidence early stage/possible AD based on the presence of Alzheimer-like pathology in the transentorhinal and entorhinal cortex and hippocampus (sparse plaques, Braak stage I-III). Cross-sectional neuropathological data analyses using several neuropathological guidelines 30 -32 have shown this neuropathological pattern to represent the earliest stages in the evolution toward AD. The second group included individuals with DS who are at very high risk to develop AD 36 but were studied at very young ages when the brains showed no evidence of neuropathology.
In brain sections immunolabeled with anti-rab5, a specific marker for early endosomes, 37 neurons in brains from control subjects displayed endosomes of normal size. 13, 14, 38 By contrast, in the pre-AD cases, abnormally large endosomes ranging from 400 to 620 nm were prominent in the majority of pyramidal neurons in laminae II of the entorhinal cortex and CA2 and CA3 fields of the hippocampus and in laminae III and V of the prefrontal cortex. Immunolabeling studies on serial adjacent tissue sections of the prefrontal cortex using 4G8 against A␤ 17-24 or MC-1, against a conformation of believed to mark the earliest stages of neurofibrillary pathology, or double-immunofluorescence studies with one of these antibodies and rab5 demonstrated that neuronal early endosomal enlargement could be detected in the absence of extracellular A␤ accumulation or neurofibrillary Immunolabeling for rabaptin 5, a regulator protein of endocytosis, was detected in the cytosol and associated with small vesicles in control brains (e). By contrast, rabaptin5 immunoreactivity in neurons from pre-AD brains was predominantly located on large endosomes (f, arrows), a change indicative of increased endosomal fusion. Compared with neurons from control brains (g), pyramidal neurons in the pre-AD cortex (h) showed increased levels of rab4 immunoreactivity, which is consistent with an increase in endosome to plasma membrane vesicular recycling. Western blot analysis (i) of brain homogenates (100 g/lane) prepared from the frontal cortex of three representative neuropathologically-normal controls (n ϭ 6; lanes 2-4) and three representative pre-AD brains (n ϭ 7) (PAD, lanes 5-7) confirmed the immunocytochemical findings and revealed an increase in rab4 immunoreactive protein (M r ϳ23 to 25) in the pre-AD brains. pathology (Figure 1) . Morphometric analyses performed on 25 neocortical neurons from lamina III of each of the 15 pre-AD cases and 11 controls showed endosomal volume to be nearly twofold larger in the pre-AD cases than normal (control mean, 1.88%, SEM Ϯ 0.066 versus pre-AD mean, 3.68%, SEM Ϯ 0.093; Figure 1 ) and less than the increase in endosomal volume we observed previously in confirmed moderate-severe SAD cases. 15 The numbers of rab5-positive endosomes in the pre-AD cases were similar to those in control brains (control average ϭ 55, SEM Ϯ 1.87 endosomes/cell; possible AD ϭ 50, SEM Ϯ 1.80 endosomes/cell). Cortical pyramids in lamina V displayed similar alterations (data not shown).
To investigate further the functional significance of endosomal enlargement, we studied the cellular distribution of known markers of EP function. Along with rab5, rabaptin 5, and early endosomal antigen 1 (EEA 1), are wellcharacterized proteins that selectively associate with early endosomes where they regulate docking and endosomal fusion. 39 -41 Unlike EEA 1 and rab5, which reside principally on endosomal membranes, rabaptin 5 is present in the cytosol as well as on the endosomal membrane. 39 In its activated GTP-bound form, rab5 recruits rabaptin 5 from the cytosol principally to the endosomal membrane. Using antibodies directed to the functionally distinct markers, rabaptin 5, EEA 1, and rab5, we assessed uptake and fusion in human brain tissue from control and pre-AD cases. The pattern of EEA 1 immunoreactivity paralleled that of rab5 in control and pre-AD brains, confirming the identity of the swollen vacuolar profiles in the pre-AD brains as early endosomes. As expected, rabaptin 5 immunoreactivity in the control cases was present throughout the cytosol and less frequently immunolabeled small vesicles. In pre-AD cases, by contrast, rabaptin 5 immunolabeling in neurons was minimal in the cytosol and most prominent on large endosomes (Figure 1f) . Rab4, another GTPase like rab5, plays a complementary role to rab5 by directing the recycling of early endosomes to the cell surface. 42 Serial adjacent tissue sections of frontal cortex from AD brains labeled with antirab4 antiserum showed a marked qualitative increase compared to controls in the expression of rab4 in pyramidal neurons which was principally localized within small vesicles of sizes consistent with their being recycling vesicles. The increased level of rab4 detected by immunocytochemistry associated with the AD cases was confirmed by Western blot analysis. Differences in the level of rab4 immunoreactive protein quantitated by scan analysis were nearly twofold higher in the early-stage AD brains versus controls (Figure 1j ) and equivalent to that found in moderate to severe stage cases of AD (data not shown; control mean ϭ 345.1; pre-AD mean ϭ 560.6, P Ͼ 0.05).
APOE ⑀4 Genotype Promotes EP Activation in Early-Stage SAD
Because ApoE function in neurons is dependent on EP activity, we investigated the influence of APOE genotype on endosome size. By stratifying the quantitative data on the AD cases in Figure 1 according to APOE genotype, we found that the mean total endosomal volume per neuron in brains from the possible AD cases carrying one or two APOE ⑀4 alleles was nearly 50% larger than the cases carrying APOE ⑀2 or ⑀3 (⑀2, ⑀3 group mean ϭ 3.18%, SEM Ϯ 0.095; ⑀4 group mean ϭ 4.68%, SEM Ϯ 0.206; P Ͻ 0.005) (Figure 1 ). That the ⑀4 allele influences clinical disease onset, but not progression, 43 ,44 parallels our observation that endosomal abnormalities are accelerated by the ⑀4 allele at earliest stages of disease but not at moderate to severe stages of clinical disease where we found no detectable differences in neuronal endosomal volume in AD brains from individuals with one or both ⑀4 alleles as compared to those carrying ⑀3 or ⑀2 alleles (mean endosomal volume ⑀3, ⑀2 ϭ 4.99, SEM Ϯ 0.10; mean endosomal volume ⑀4 ϭ 5.29, SEM Ϯ 0.24, P ϭ 0.112).
EP Abnormalities Precede AD Neuropathology by Decades in DS
Individuals with DS invariably develop AD by age 50. To investigate the earliest appearance of endosomal abnormalities, we immunolabeled tissue sections of the prefrontal cortex from seven cases of fetal, infant, and young DS patients ranging in age from 28 weeks of gestation to 12 years with anti-rab5 antiserum. Many pyramidal neurons contained early endosomes of abnormally large sizes that were not seen in neurons from the agematched young control cases examined (Figure 2 ). Qualitative differences in endosomal size were evident in 21% (SEM Ϯ 2%) of pyramidal neurons (n ϭ 50) per highpower field in the youngest cases (ages 28 weeks to 5 years) and increased to 40% (SEM Ϯ 5%) with age (between 5 and 12 years of age). Although the number of neurons containing enlarged endosomes in the DS brains increased with age, the magnitude of endosomal enlargement in affected neurons in these DS cases was equivalent to that seen in pyramidal neurons from six cases of adult DS ranging in age from 25 to 56 years.
EP Abnormalities Are Not Observed in Other Neurodegenerative Disorders or Normal Aging
We next determined the specificity of endosomal enlargement to SAD and DS by examining severely affected neuronal populations from several non-AD neurodegenerative diseases including cases of encephalitis, Pick's disease, Lewy body dementia, Huntington's disease, progressive supranuclear palsy, and amyotrophic lateral sclerosis. We found that within the various affected neuronal populations of the non-AD neurodegenerative group, early endosomal size was similar to that seen in neurologically normal controls (average mean endosomal volume: control ϭ 1.88%; SEM Ϯ 0.066; non-AD neurodegenerative diseases ϭ 2.26%, SEM Ϯ 0.067, P ϭ 0.137) (Figure 3) .
Given the importance of aging as a risk factor for AD, we evaluated aging-related effects on neuronal endocytosis by examining 22 additional neurologically-normal control brains ranging in age from Ͻ1 year to 85 years. The brains were divided into four subgroups Ϫ1 to 15 years, 16 to 35 years, 36 to 55 years, and Ͼ55 years. Rab5-positive early endosomes in neocortical pyramids from brains of each age were equivalent in size, number per neuron, and volume/neuron (Figure 3 ).
EP Activation Distinguishes Subtypes of AD
We find that, in all forms of AD, the neuronal expression of lysosomal proteases (cathepsins) is strongly up-regulated and lysosomes markedly accumulate. 20 -22 Because it might be anticipated that certain cellular alterations arising at the earliest stages of AD pathogenesis may develop in some forms of AD and not in others, we assessed whether the same structural abnormalities of early endosomes seen in SAD and accelerated in development in late-onset FAD-APOE ⑀4 and DS, were also promoted by mutations of PS causing present early-onset FAD. Serial adjacent tissue sections from the prefrontal cortex of 12 patients with moderate to severe FAD caused by any of four different mutations in PS, immunolabeled with rab5 and 4G8, displayed no apparent early endosomal abnormalities in neurons despite abundant A␤ plaques (Figure 4 ). Morphometric analysis showed that the average endosomal volume per neuron in the PS-FAD cases was similar to that of normal controls (control mean ϭ 1.88%, SEM Ϯ 0.066; PS-FAD mean ϭ 2.22%, SEM Ϯ 0.061; P ϭ 0.097) (Figure 4) 
Discussion
Our studies show that the EP of cortical pyramidal neurons responds in an Alzheimer-selective pattern years or decades before the classical neuropathological lesions appear in SAD and DS, respectively. This response cannot be attributed exclusively to either A␤ overproduction or deposition because it begins in DS before A␤ is detectable and does not develop in PS1-FAD even though A␤ is overproduced and A␤ deposition is robust. Neuronal abnormalities considered to mark early-stage AD have previously been described but none has been shown to precede the extracellular deposition of A␤, unlike the EP abnormalities reported here. This striking and early involvement of the EP is particularly significant given that the early endosome is unique in being a point of convergence within the cell for many key etiological factors in AD, including ␤PP, A␤ peptide, ApoE, lipopro- tein receptor-related protein, and Fe65. Although inferences about the dynamics of the EP are difficult to make from postmortem studies, the observed changes in the established marker proteins for endosomal compartments support the view that EP activity is increased. First, overexpression of rab5 has been shown in cultured cells to be one way to increase endocytosis and expand the size of early endosomes. We found neuronal early endosomes in AD brain to be increased in size and volume and similar morphologically to those seen in rab5-transfected cells. 14, 38, 45 Second, the overexpression of rab4 stimulates endosome recycling to the plasma membrane and promotes formation of rab4-positive recycling vesicles. 42, 46 We observed markedly elevated rab4 immunoreactivity within small vesicles in lamina III pyramids from the pre-AD brains, which we believe represents increased numbers of recycling vesicles. Morphometric analysis will be required, however, for confirmation. This observation implies activity in the recycling pathway is more active, which is a response complementary to the stimulated internalization reflected by elevated levels of rab5 immunoreactivity. Third, rabaptin 5 and EEA1 are downstream effector proteins of vesicle membrane fusion and docking associated with rab5 which play a critical role in endocytosis. 39 -41 Overexpression of rabaptin 5 in transfected cells results in the characteristic enlargement of early endosomes and increased numbers of transferrin receptor-positive vesicular compartments 14, 38, 45 -changes morphologically consistent with increased endocytosis. 14, 38, 45 We find that, like the transfected cells, immunocytochemical labeling of sections from possible AD brains with antibodies to rabaptin 5 and EEA1 detected early endosomes that were morphologically identical to swollen, rab5-positive endosomal profiles.
The activation of the EP is a disease-selective response of neurons in populations susceptible to AD. Our inability to detect this response in other neurodegenerative diseases establishes that it is not a generalized response to neuronal injury or degeneration. We observed, however, that its onset is substantially influenced by genetic effects relevant to AD pathogenesis. The appearance of early endosome abnormalities in some neurons before birth in DS implies that dosage of particular genes on chromosome 21 greatly accelerates the development of the EP activation. Triplication of the ␤PP gene, by itself, may be an insufficient stimulus because ␤PP overexpression in mice does not detectably alter endocytosis whereas, in the partial trisomy 16 mouse (Ts65Dn), endosome enlargement is comparable to that in its human counterpart, trisomy 21 (unpublished data; AM Cataldo et al, manuscript in preparation). We also found that the APOE ⑀4 allele accentuates the EP response in early AD. At later stages of disease when the EP response is fully developed, no APOE allele influence is apparent suggesting that, like its effect on clinical disease, APOE genotype accelerates the onset but not the final magnitude of the EP response. These influences of APOE alleles support the pathogenic relevance of EP abnormalities to AD pathogenesis and are consistent with evidence that ApoE binding to its neuronal receptor activates endocytosis 47, 48 and that ApoE interacts with ␤PP in the endosomal compartment. 48 The neuronal EP activation observed in this study is the only known feature of cellular AD neuropathology that differentiates subtypes of AD. Because AD is heterogeneous in etiology, it could well be anticipated that cellular responses that are close to the primary initiating events of AD would not only appear early but also may not be shared by all AD subtypes. The different alterations of calcium homeostasis or A␤ generating pathways associated with various FAD mutations in fibroblasts and transgenic mouse models of FAD may be biochemical evidence of these distinctive early pathways. 49 -52 The absence of an EP response in PS-FAD is paralleled by recent findings that, unlike SAD and DS, PS-FAD does not seem to be influenced by APOE genotype. 53, 54 The latter finding is consistent with the view that PS, which resides principally in the endoplasmic reticulum 55 promotes A␤ generation and disease progression mainly via nonendocytic routes 55 that might not be expected to be influenced by ApoE. Together, these findings imply that activation of endocytosis and its accentuation by APOE ⑀4 genotype constitute a mechanism particularly relevant to the most common, sporadic form of AD, in which initial stages of pathogenesis are unknown. A second explanation for the absence of an endosomal response in the PS-FAD cases comes from a recent study by Van Uden et al 56 showing a link between mutant PS expression and down-regulation of the LDL receptorrelated protein, which modulates the cellular uptake of AD-associated proteins such as ␤PP and ApoE. Other factors that could explain the difference in endocytic response between AD subtypes would be the greater rate of neurodegeneration in PS-FAD versus SAD 57 which could limit the window within which endosomal disturbances could be detected. Evidence against this notion is supported by our studies showing the absence of endosomal abnormalities in primary fibroblasts from PS-FAD subjects and in neurons from PS/␤PP transgenic mice (unpublished observations).
Altered endocytosis is likely to have a major influence on pathogenic events in AD. Although EP activation in AD may begin as a compensatory response, chronic activation produces functional, morphological, and compositional effects on the EP that could increase neuronal vulnerability. Endocytic activation may, by itself, lead to sequestration and inappropriate degradation of vital plasma membrane proteins, growth factors, or receptors in the early endosome. Such an effect on neuronal glucose transporters may be one mechanism for compromised glucose uptake in AD 58, 59 and has direct implications for reduced cell viability. The EP is also the portal of entry for oxidizable substrates, such as A␤ and apolipoproteins which could selectively damage lysosome integrity or impair its functions. Endocytic activation is likely to contribute to the robust up-regulation of the LS as seen in AD brain, which has been linked to increased neuronal vulnerability. 60 -62 LS activation progressively worsens with advancing disease and accounts, at least in part, for cell dysfunction leading to cell loss. [63] [64] [65] [66] The pathogenic significance endosomal abnormalities in AD is further indicated by the recent identification of a ␤-secretase (BACE) which was found to be enriched in endosomes and to have an optimal pH requirement consistent with activity in early endosomes. 67 Therefore, it is noteworthy that, in AD, we find hydrolase trafficking to early endosomes to be enhanced. 15 Recent evidence using transfected cell lines that mimic the enhanced trafficking of hydrolases to early endosomes seen in human brain, secrete two-to threefold higher levels of A␤40 and A␤ 42, respectively. 68 A␤ production, A␤ clearance, or both could be affected by EP abnormalities and, based on current knowledge of endosome biology, be subject to influences by ApoE. In light of the importance of ApoE in A␤ deposition, early endosomes, the only known site where ApoE, ␤PP, and A␤ are known to co-exist, represents an attractive site in SAD and DS brain to initiate A␤ formation-a process favored by acidic conditions. 18,69 -73 This notion is further strengthened by our recent findings showing that in cases of early-stage AD and DS, the appearance of endosomal abnormalities coincides with increased soluble A␤ levels and the presence of intraneuronal A␤ immunoreactivity which co-localizes predominantly to enlarged endosomes (Cataldo et al, 2000, in preparation) . However, we cannot exclude the possibility that elevated A␤ levels could contribute to or cause endosomal alterations that represent an attempt by cells to clear A␤. Further studies of new cell and animal models to investigate these cellular pathways, the roles of which are poorly understood in AD, are expected to help clarify the cellular pathogenesis of AD and to identify targets for therapeutic intervention.
